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Lantana camara is listed as one of the important medicinal
plants of the world (Sharma et al., 2000) and it is considered
one of the most noxious weeds (Pereira et al., 2003; Mello
et al., 2005). L. camara that belongs to Verbenaceae family istory of Functional Organic
ty of Sciences and Technology
ab Ezzouar, 16111 Algiers,
Zoubiri).
y. Production and hosting by
Saud University.
lsevier
ND license.an evergreen aromatic shrub. It is planted as an ornamental
(Bouda et al., 2001; Yadav and Tripathi, 2003; Munsif et al.,
2007), commonly found around houses in Algeria with four
typical colours: yellow-orange, pink-violet, yellow and white
ﬂower types. In addition, it is now a highly invasive weed in
many parts of the world (Duggin and Gentle, 1998; Palmer
et al., 2000; Baars, 2003; Totland et al., 2005; Moura et al.,
2009; Van Driesche et al., 2010).
The essential oil of L. camara showed a wide spectrum of
antibacterial, antimicrobial and antifungal activities (Siddiqui
et al., 1995; Barre et al., 1997; Kumar et al., 2006). Besides,
the plant has been shown to have toxic and repellent effects
against certain insect pests of stored grains (Ogendo et al.,
2004; Koona and Njoya, 2004) and termiticidal effects against
adult termite workers (Rajesh and Suman, 2006). Research
studies on plant essential oils and their constituents as fumi-
gants against stored product insects have been reviewed
(Rajendran and Sriranjini, 2008). Sitophilus species are major
pests of stored grains and grain products throughout the world
(Lopez et al., 2008). The control of these insects relies heavily
on the use of synthetic insecticides and fumigants, which have
292 S. Zoubiri, A. Baaliouamerresulted in several problems, including environmental distur-
bances, increasing costs of application, pest resurgence, pest
resistance to pesticides, and lethal effects on non-target organ-
isms, in addition to direct toxicity to users (Sahaf et al., 2008).
Some leaves and ﬂowers L. camara for essential oils, from
different origins, have been previously investigated (Ngassoum
et al., 1999; Alitonou et al., 2004; Verdeguer et al., 2009.). In
the present work the composition of essential oils obtained
from the Algerian L. camara were determined by GC and
GC/MS analyses. L. camara samples were collected from the
production areas of the botanical garden of the Sciences and
Technology University (Algiers). The essential oil was ob-
tained, taking into account the yellow-orange colour of the
ﬂower. Hence, the objective of the current study was to deter-
mine the chemical constituents and fumigant toxicity of the
leaf essential oil of L. camara growing in Algeria against the
adult of Sitophilus granarius, an important stored-product bee-
tle observed in the grain storage facilities in different countries.
2. Experimental
2.1. Plant material
The aerial part of L. camara L. was collected every week dur-
ing June 2007. The plants were collected from the production
areas of the botanical garden of the University of Sciences and
Technology (Algiers). Air-dried material (300 g · 5) was
hydrodistilled for 3 h using a Clevenger type apparatus. Oils
were dried over anhydrous Na2SO4 and then were kept in
sealed vials at 6 C until analysis.
2.2. Gas chromatography
The analyses of the volatile compounds were carried out on a
Hewlett Packard GC/MS system (GC 6890; MSD 5973). An
HP-5 MS capillary column (30 m, 0.25 mm, 0.25 lm ﬁlm
thickness) was directly coupled to the mass spectrometer.
The carrier gas was helium (1 mL/min). The temperature pro-
gramme used was 8 min isothermal at 40 C, then 40–250 C at
a rate of 2 C/min then held isothermal for 5 min. The injec-
tion port temperature was 250 C. The ionization of the sam-
ple components was performed in the EI mode (70 eV). The
linear retention indices for all the compounds were determined
by co-injection of the sample with a solution containing the
homologous series of C7–C27 n-alcanes into the GC/FID under
the same conditions. The individual constituents were identi-
ﬁed by their identical retention indices, by comparing their
mass spectra with either the known compounds or with the
MS data bank and veriﬁed by comparison with the published
identiﬁed compounds index data (see Table 1).
2.3. Insect cultures
S. granarius was reared in 1 L glass jars containing chickpea
grains which were covered by a ﬁne mesh cloth for ventilation.
Adult insects, 1–7 days old, were used for the fumigation tox-
icity test. All experimental procedures were conducted under
environmental conditions identical to those of the cultures.
2.4. Fumigant toxicity bioassay
The response of S. granarius to the fumigation action of
L. camara leaves essential oil was investigated. A ﬁlter papertreated with 1, 5, 10, 50, 100 and 500 lL of test essential oil
in 50 lL acetone was placed in the bottom cover of a glass bot-
tle of 1 L. The insects, 40 adult per bottle, were exposed for
1–5 days at 25, 27 and 30 C, respectively. Controls received
50 lL of acetone. Cumulative mortalities were determined at
24, 48, 72, 96 and 120 hours after treatment. All treatments
were replicated ﬁve times.
3. Results and discussion
3.1. Composition of L. camara leaf essential oil
The main constituents of the identiﬁed L. camara leaves essen-
tial oil were b-caryophyllene (35.70%), caryophyllene oxide
(10.04%) and b-elemene (6.41%) (Table 1). Retention indices
in temperature programmed GC are practically useful for the
identiﬁcation of compounds when similar systems and
conditions are used and chromatographic peak shapes are sat-
isfactory (Massold, 2007). As reported, the programmed tem-
perature retention index varies with column geometry, carrier
gas ﬂow rate, initial temperature and heating rate (Zhao
et al., 2007). In addition, there are numerous cases when values
presented for the same compounds in similar conditions of sep-
aration on columns with stationary phases of the same type
differ by dozens of index units. However, the most effective
modern approach to investigate the composition of complex
organic compounds mixtures is separation of the components
on capillary columns followed by their mass spectrometric
identiﬁcation (Isidorov and Szczepaniak, 2009). For that, we
summarize in Table 1 previous authors’ investigation on the
retention index of the same detected oil components in similar
chromatographic conditions (apolar column).
The majority of published works, on L. camara essential
oil, indicates a high content of sesquiterpenes mainly: b-caryo-
phyllene, zingiberene, a-humulene, ar-curcumene, germacrene-
D and bisabolene. The South Chinese essential oils (Sundufu
and Shoushan, 2004) are characterized by a high percentage
of these sesquiterpenes, where, the main components detected
were germacrene-D (15.8%), b-caryophyllene (12.3%),
a-humulene (9.3%) and germacrene-B (6.2%). Samples from
Madagascar (Randrianalijaona et al., 2005) show that
sabinene (8.8–11.4%) is the major monoterpene, followed by
a-pinene (2.6–4.1%), b-pinene (1.3–2.8%), D3-carene
(1.1–1.6%), myrcene (0.5–1.1%) and limonene (0.2–1.3%).
b-Caryophyllene (15.8–21.3%), b-bisabolene (4.8–7.3%),
a-humulene (4.0–4.4%), germacrene-D (3.0–4.7%) are the
main sesquiterpenes followed by ar-curcumene (1.5–2.4%),
aromadendrene (0.9–1.4%), d-cadinene (1.1–2.2%) and
Table 1 Chemical composition of essential oil from yellow-orange Algerian Lantana camara leave compared to published data.
RI Components Concentration (% peak area) ID method
c 0 1 2 3 4 5 6 7 8 9 10 11 12 Ps Ref1 Ref2
700 702 – – – – – – – – – – – – Furan-2-ethyl 0.01 – – MS-RI
845 846 850 – – – 856 850 828 – – – – – 2-Hexenal 0.08 – – MS-RI
920 924 925 925 920 – 932 928 922 – 916 932 931 930 a-Thujene 0.02 0.2 – MS-RI
925 932 932 935 927 – 938 939 929 924 922 940 938 940 a-Pinene 0.25 1.5 – MS-RI
932 946 951 948 941 – 953 954 941 938 – 957 954 953 Camphene 0.02 0.7 – –
967 975 973 972 966 – 978 975 963 961 965 980 976 971 Sabinene 1.56 13.1 14.270 RI
– 974 978 976 969 – 979 980 967 964 967 986 980 977 b-Pinene – 1.6 – –
979 974 986 982 970 – – – – – – – 981 980 1-Octen-3-ol 0.62 0.6 – MS-RI
986 988 992 992 982 – 993 991 981 975 – 1002 991 991 b-Myrcene 0.67 1.5 – MS-RI
993 994 – – – – – – – – – – – – 2-Octanol 0.06 – – RI
998 998 – – – – – – – – – – – – Octanal 0.02 – – MS-RI
– 1002 1007 1005 1005 – 1002 1006 995 989 – – 1005 1001 a-Phellandrene – 1.0 0.146 –
1007 1008 – 1009 – – 1010 1011 1003 998 – – – – d-3-Carene 0.04 1.6 – MS-RI
– 1014 1017 1017 1011 – 1017 1018 1007 – – – 1018 1014 a-Terpinene – 0.2 – –
1015 1020 1026 1026 1017 – 1027 1026 1011 1005 1018 1029 1026 1023 p-Cymene 0.02 0.2 0.310 MS-RI
1019 1024 1044 1029 1020 1028 1034 1030 1020 1012 1024 1033 1030 1029 Limonene 0.19 – – MS-RI
– 1026 1046 1033 1024 – 1034 1033 – – – 1038 1035 1031 1,8-Cineol – 9.0 0.828 –
– 1032 – – – – 1043 – 1037 – 1036 – 1038 1034 (Z)-b-Ocimene – 0.6 – –
1043 1044 – 1048 1029 – 1054 1050 – – 1046 – 1049 1046 (E)-b-Ocimene 0.18 0.8 – MS-RI
1060 1054 1060 1091 1051 1056 1062 1062 1047 1040 1054 1063 1062 1054 c-Terpinene 0.05 0.5 – RI
1079 1086 1093 1087 1081 – 1088 1092 1077 1068 – 1097 1086 1079 Terpinolene 0.05 0.4 – MS-RI
1091 1098 1101 1099 1090 – – – – – – 1119 1071 1097 trans-Sabinene hydrate 0.04 0.7 – MS-RI
1097 1095 1104 1099 – 1095 1100 1098 1085 1070 – – 1095 1089 Linalool 0.77 0.7 0.377 MS-RI
– 1141 – – 1142 – 1146 – 1118 – – 1154 – 1140 Camphor – 1.3 0.685 –
1158 1165 1166 1167 1161 1161 1167 1165 1150 – – 1177 1164 1163 Borneol 0.03 0.6 – MS-RI
1168 1174 1177 1177 1171 – 1176 1178 1156 – – 1175 1173 1172 Terpinen-4-ol 0.29 1.5 – MS-RI
1183 1186 1190 1194 1177 1187 1192 1189 1172 1169 – 1199 1188 1185 a-Terpineol 0.07 0.7 0.352 MS-RI
– 1338 – – – – – – 1330 – – – – – d-Elemene – – 1.552 –
1322 1321 – – – – – – – – – – – – Verbanol acetatea 0.08 – – MS-RI
1334 1336 – – – – – – – – – – – – Persilphiperfol-7-enea 0.15 – – MS-RI
1343 – – – – – – – – – – – – – Phenol-2-methoxy-3-(2-propenyl) 0.07 – – MS
– 1345 – – – – 1348 – 1345 1341 – – – 1354 a-Cubebene – – 0.315 –
1356 1352 – – – – – – – – – – – – a-Longipinenea 0.27 – – MS-RI
– 1376 1376 1372 1370 – 1376 – 1370 1360 1365 – – 1363 a-Copaene – 0.5 – –
1366 – – – – – – – – – – – – – Caryophyllene-(I3)b 0.20 – – MS
1375 1389 1394 1389 1386 1387 1393 1391 1383 1372 1382 1390 – – b-Elemene 6.41 0.8 0.872 MS
1387 – – – – – – – – – – – – – Di-epi-a-cedrene 0.08 – – MS
1410 1408 1417 1415 1415 1412 1422 1419 1411 1414 1411 – 1408 1423 b-Caryophyllene 35.70 18.5 30.850 MS-RI
1412 1414 – – – – – – – – – – – – b-Funebrene 1.00 – – RI
1427 1432 – – – – 1432 – – – – – 1418 1428 b-Copaene 0.14 – – MS
1436 1452 1452 1450 – 1445 1453 1454 1443 1445 1449 1426 1442 1437 a-Humulene 3.72 10.0 – MS
1440 1439 1439 1437 – 1435 1448 – – – 1433 – 1428 – Aromadendrene 0.35 0.7 1.413 MS-RI
1445 1454 – – – 1450 1459 – – – 1456 – – – b-Farnesene 0.83 – – MS-RI
1467 1466 – – – – – – – – – – – – a-Acoradienea 9.74 – – RI
(continued on next page)
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Table 1 (continued)
RI Components Concentration (% peak area) ID method
c 0 1 2 3 4 5 6 7 8 9 10 11 12 Ps Ref1 Ref2
1453 1453 – – – – – – – – – – – – trans-Muurola-3,5-diene 0.14 0.4 – MS-RI
1472 1479 – – – – – – – – – – – – a-Curcumene 1.34 – – MS
1482 1484 1480 1477 – 1473 1484 1480 – 1460 1478 1485 1469 1492 Germacrene Da 2.85 – 5.247 RI
1492 1492 – – – – – – 1465 – – – 1493 – b-Guainenea 2.74 – – MS-RI
– 1495 – – – – – – – – – – – – d-Guaiene – 5.0 – –
1497 1505 1506 1505 – 1509 – – – 1485 – – 1498 1510 b-Bisabolene 0.07 – 14.680 MS
1500 1500 – – – – – – – – – – – – b-Himachalene 0.91 – – RI
1511 1513 1511 1511 1514 1519 – – 1500 – – 1525 1502 – c-Cadinene 1.20 0.4 0.673 MS-RI
1531 1531 – – – – – – – – – – – – Z-Nerolidol 0.07 – – MS-RI
1538 1537 – – – – – – – 1529 – – 1547 – a-Cadinene 0.14 – – MS-RI
1542 1542 – – – – – – – – – – – – d-Cuprenene 0.08 – – RI
1549 1551 – – – – – – – – – – – – cis-Muurol-5-en-4-beta-ol 0.04 – – MS
1571 1582 1578 1573 1577 1580 – 1581 – 1579 1579 1594 1567 1586 Caryophyllene oxide 10.04 0.8 0.405 MS-RI
1590 1587 – – 1582 – – – – – – 1697 – – Davanone 0.30 – – MS-RI
1599 1596 – – – – – – – – – – – – cis-Dihydro-Mayuronea 0.50 – – RI
1602 1594 – – – – – – – – – – – – Carotola 0.19 – – RI
1607 1600 – – – – 1600 – – – – – – – Guaiol 0.22 – – MS
1609 1608 – – – – – – – – – – – – b-Atlantola 0.16 – – MS-RI
1618 1616 – – – – – – – – – – – – b-Himachalene oxidea 0.27 – – RI
1625 – – – – – – – – – – – – – Epi-bicyclosesquiphellandr ea 2.48 – – MS
1630 1628 – – – – 1644 – – – – – – – 1-epi-Cubenola 0.57 – – MS-RI
1634 1632 – – – – – – – – – – – – c-Eudesmola 0.04 – – MS-RI
1639 1638 – – – 1657 – – 1634 1640 – – 1640 1641 epi-a-Cadinol 1.49 – – MS-RI
– 1639 – – – – – – 1624 1638 – – 1634 1645 T-Muurolol – 2.3 – –
1654 1656 – – – – – – – – – – – – Geranyl valerate 0.15 – – RI
1661 – – – – – – – – – – – – – 8-Heptadecene 0.08 – – MS
2111 1942 – – – – – – – – 2107 – – – Phytol 0.30 – – MS
RI: retention index (KI) on 0DB-5: Adams (2007), HP5MS column: cCalculated by the present study; 1Hazzit and Baaliouamer (2006); 2Haz t and Baaliouamer (2010); 3Dahmani-Hamzaoui and
Baaliouamer (2010); 4Ferhat et al. (2007) and 5Dev et al. (2010), 6HP5 column: Wannes et al. (2009), 7OV-101 column: Orav et al. (1996), 8D -1 column Velasco-Negueruela et al. (2005), 9Optima
5MS: Heuskina et al. (2009) and SPB-5 column: 10Keskitalo et al. (2001); 11Napoli et al. (2009) and 12Napoli et al. (2010). Ps: present study. R : Alitonou et al. (2004). Ref2: Randrianalijaona et al.
(2005).
a Identiﬁcation tentative. MS: mass spectra. The underlined values are the major constituents of the oil. –: not detected.
b The mass spectrum of caryophyllene-(I3) was done (see mass spectra 1).
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Table 2 Times to record 50% and 90%mortality of Sitophilus
granarius exposure to Lantana camara leaf essential oil vapour
at 25, 27 and 30 C.
Dose (lL/L) tL50 (h) tL90 (h)
25 C 27 C 30 C 25 C 27 C 30 C
1 85.9 81.0 73.1 – – 91.2
5 79.2 70.5 61.8 – – 90.0
10 70.5 64.8 56.2 – – 89.5
50 61.0 55.4 49.4 117.5 100.0 87.1
100 51.1 46.5 40.8 115.7 80.0 77.5
500 47.2 39.5 34.7 101.6 72.0 66.0
GC and GC/MS analyses of the Algerian Lantana camara leaf essential oil: Effect against Sitophilus granarius adults 295d-elemene (0.5–1.1%). Among the oxygenated components,
davanone (12.1–16.9%) is the main, followed by minor
amount of 1,8-cineole (2.6–3.0%), linalool (3.1–3.6%), spath-
ulenol (1.0–1.1%) and humulene oxide (0.3–1.9%). The Beni-
nese essential oil (Alitonou et al., 2004) was completely
different from the Algerian studied oil (see Table 1).
3.2. Fumigant activity
Susceptibility of S. granarius adults to the fumigant action of
L. camara essential oil is shown in Fig. 1 at three tested tem-
peratures. After a 72 h exposure time there was a signiﬁcant
deference in mortality between exposure at 25 and 30 C. Mor-
tality was found to increase as the essential oil concentration
increases and as the temperature enhances too. The lethal time
tL50 and tL90 values at 25, 27 and 30 C were calculated and
presented in Table 2. These results could be useful in choosing
the most appropriate oil concentration to a wanted speciﬁc
lethal time. Remanence study of the essential oil was carried
out within one month by introducing new untreated insects
every week. After a 4 week period low mortalities percentages0
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Figure 1 Mortality of Sitophilus granarius exposed to various
doses of Lantana camara leave essential oil vapour at 25, 27 and
30 C.were observed for all the tested oil concentrations (Fig. 2). We
register a slight decrease in the mortalities after the ﬁrst week.
However, the mortalities fall sharply by the third week but still
signiﬁcant for the highest oil concentrations. The studied oil
was efﬁcient only throughout 2 weeks for all dosage, ensuring
the elimination of 70–100% of the initial introduced
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Figure 2 Mortality of Sitophilus granarius exposed to various
doses Lantana camara essential oil vapour at 27 C within one
month.
296 S. Zoubiri, A. BaaliouamerFor the tested oil, the main components e.g. b-caryophyl-
lene and caryophyllene oxide, might be responsible for the ob-
served insecticidal activity. However, it is difﬁcult to attribute
the insecticidal effect of a total essential oil to one or few active
compounds. Both minor and major compounds should make a
signiﬁcant contribution to the oil’s activity (Zaouali et al.,
2010). To conclude, this study demonstrates the potential of
plant volatile essential oil for use against Sitophilus. The essen-
tial oil deserves further investigation to help scientists in iden-
tifying cheap and readily available environmentally friendly
pest control agents.Acknowledgements
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